INTRODUCTION
Just over one hundred years had elapsed before the significance of a small organelle became properly recognised, and the last 13-14 years have seen it rise above the horizon to take centre stage in so many syndromes and disorders of the body that it leaves most scientists and doctors astonished. It is not as if its significance had not been repeatedly pointed out over many years by a few staunch supporters. Apart from key moments in its long history, thoroughly and thankfully recorded by Bloodgood (1) , and my own mention of the 10 main landmarks since the 1960s (2), we have to recognize that Poole et al (3) had shouted from the roof-tops about its significance and putative role decades ago, but their words fell on deaf ears -oth-Wheatley ers to whom the primary cilium as a vestigial or rudimentary structure was of no significance or interest. Admittedly there was speculation, but not wild speculation, since it was quite clear it would have a mechanosensory function, if nowhere else than in the kidney and possibly other tissues (cartilage). The two papers that began to clinch this matter were Schwartz et al (4) and Praetorius et al (5) who showed that it was mechanosensory and could send a signal to the cell, causing a (free) Ca ++ transient, which had been established at that time as a mediator of widespread influence on many intracellular signalling pathways. My contention remains, as indicated by the opening aphorism, that this organelle must have had significance from the very start, and that the exceptionally long primary cilia in the renal epithelial cells first seen by Zimmerman around 1897, should surely have indicated a definite physiological role (see ref. 1). But it also became apparent from the universality and diversity of primary cilia in the cells of the body that they could equally well be intimately involved in the behaviour of many other cell types. What, for example, were they doing in every neuron of the brain (6)? As an experimental pathologist, one can often become aware of the significance of a normal process by first exploring its derangement and dysfunction, its pathology. What then would be the consequence in the kidney, the cartilage, and a myriad of other cell types if their primary cilia failed to develop (aciliogenesis), or were malformed or malfunctioned? The obvious conclusion would be a lot of associated pathology, as explicitly pointed out some years ago (7) . This is exactly what has transpired, and one is now asking the question in almost all pathological syndrome these days -is the primary cilium involved?
CILIOPATHIES: THE TwO TYPES
We have entered the era of the ciliopathies. However, there are two distinct (exclusively so) types of cilia, the 9 + 2 (motile) variety and the 9 + 0 (non-motile) primary cilium (Fig.ure 1) . The latter arises from the diplosome, the paired centrioles, long and mistakenly for many years thought to be pivotal in the process of dividing the cell into two daughters. This alone should have drawn close attention to the distal centriole's "appendage", the primary cilium in some many cell types. 
Primary cilia and diseases
Ciliopathies caused by loss of function of the motile variety have been known for decades, causing problems associated with oocyte movement, sperm motility, airway clearance, ventricular flow in the central nervous system, and so on. In medical conditions, these are referred to as primary ciliary dyskinesia, which is unfortunate because these do not involve primary cilia (the word primary in clinical use refers to the main cause of a disorder). But primary ciliopathies would need to be the connotation used for disorders involving the primary cilia and this is a bit of a mouthful. But this distinction most certainly needs to be made, unless by convention the former disorder can in future be referred to more simply as ciliary dyskinesia.
One of the first disorders thought to be attributed to aberration in the primary cilium was situs inversus totalis, as explored experimentally in developing mice by Nonaka et al (8) , which has been a perplexing business over many years and may soon be better understood as involving both types of cilia (9) . But it must also have been trenchantly obvious that blindness could be due to aciliogenesis since rods and cones of the retina are based on primary cilia (10) . The organ that would be most likely to show malfunctioning as a result of primary aciliogenesisis the kidney (Fig.ure 2) , and therefore it was not unexpected that they became strongly implicated in the disorder (along with other gene defects), known as polycystic kidney disease (PCKD), briefly reviewed in Ong and Wheatley (11) . Because live births can ensue and life can continue with PCKD for some years, the finding nevertheless also suggests that the primary cilium can be of importance during development. If we fully explored this embryological aspect, it could probably be shown that primary cilium aciliogenesis, mutation or malfunctioning underlies much of inter-uterine death and congenital defects; Stiff et al (12) for example showed that in the inherited disorder, the Meier Gorlin syndrome, primary cilia poorly developed, and must be involved, along with other factors, in a condition that leads to stunted development. This can also be inferred from the increasing number of model organisms used in experimental developmental biology in which ciliary aberrations are disruptive in their development, e.g. Caenorhabditis elegans (13). The keywords needed to make a thorough literature search for references on primary cilia are difficult to set, and therefore each attempt misses many of them. Despite this drawback, there are now hundreds (possibly thousands) of reports each year on primary cilium biology, over half of which are not just interested in the basic cellular biology, but seek to understand the role of this "forgotten organelle" in a plethora of medical syndromes (Table 1) .
If we were to put disorders in this list that have already been referred to before 2013 or cannot be mentioned here because of space limitation, my estimate is that we would end up with far greater than the number given in Table 1 . This is nothing short of extraordinary, especially for an organelle that was largely ignored until after 1995.
Not all tissue cells show well-developed cilia -few can compare with those of the renal proximal tubule. But a question that has nagged me for years is why certain cell types seldom, if ever, develop primary cilia, i.e. apart from 9 + 2 ciliated cells (14) , which is based on the "exclusion" hypothesis, i.e. cells have either one or other type of cilia, and never both (15) . These include blood borne cells such as lymphocytes and macrophages, which are suspended cells, although in comparing a strain of BHK12 cells that were adherent as monolayers in cultures with another that could be cultured and grow in suspension should have provided some clues, since the latter were far less frequently ciliated (Wheatley and MacPherson, unpublished data). Cells devoid of primary cilia also include some firmly fixed cells, like liver parenchymal cells. The basic cell biological problem is to understand, however, what elicits the development of a primary cilium. Even cells that lack cilia in their fully differentiated form may pass through a ciliated progenitor stage, indicating that this is a signalling problem locked deeply away in the heart of differentiation during development. One issue that has not been adequately addressed is whether this progenitor expression means that stem cells are ciliated. The answer will be of particular interest (16) .
Another question is the relevance or status of cilia that do in fact seem to be ill-formed in some tissue cells, i.e. how well developed they have to be to function properly in a cell. Some early images of fibroblast cilia led many to the belief that they were indeed rudimentary -a word unfortunately used by none other than Sorokin (14) , who had done so much to describe very accurately the structure and the development of both 9 Primary cilia and diseases + 2 and 9 + 0 cilia. But there can be several explanations for incomplete development seen in some cells, the more obvious being that cilia are expressed during interphase of the cell cycle, and are almost invariably resorbed in division. They need to be regenerated each cycle (reviewed in 17), some believing that this may not occur until well into the next cycle. Thus, situations can be found where relatively poorly developed shafts appear as the cell moves quickly towards a second division (18) .
ON THE ASSEMbLY OF PRIMARY CILIA
The cell and molecular biology of primary cilia took off, along with a better understanding of the way in which cilia are constructed, by coming once again from a problem, a developmental defect, in their assembly. An intraflagellar transporter, IFT88, had a mutant form (Tg737) found by Doug Cole (19) . This defect stops ciliogenesis, no matter whether it is of the 9 + 0 or 9 + 2 type. This was the breakthrough that led the way to showing that primary cilia could no longer be ignored. It led the way to showing that they acted as much as chemosensors as mechanosensors (4), and in short, to the acceptance of another prediction, that primary cilia would be shown to be antenna that not only receive messages (signals), but also emit them (20). In modern day terms, we are all connected by our IT media interfaces; cells, as organised and intercommunicating individuals in the human body (with their number massively outnumbering the population of the world), had their system in place billions of years ago (Fig.ure 3) . Cargoes in the assembly of the primary cilium traverse up between the membrane and the axonemes with the help of kinesin II in anterograde transport, and returning cargoes go by countercurrent retrograde transport with the help of dynein 2 (reviewed in 21,22). Inserted in the membrane are a vast array of receptor molecules and there must also be other sites from which signals are emitted. The primary cilium is the interlocutor of the cell, so important that it is their individual antennae through which they communicate with the rest of the world they experience, their microenvironments ("microexposome"). If you compare the length of a renal cilium (typically 10-30 micrometres, but possibly as long as 50 micrometres) in relation to our tallest communications antennae on the surface of the world, they are impressively gigantic, making the fact that most of the cell biological fraternity ignored them for nearly a century even more astonishing. 
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QUO VADIS
This is a brief review on an extraordinary cell organelle. Much is now written about its cell biology and its medical implications in the literature. Therefore it remains to consider where things will take us in the future. The one organ of the body in which primary cilia feature widely is the brain, with one cilium per neuron (6) and in almost every cell. There are implications that they are somehow associated with learning disorders, dyslexia, motor coordination, and obesity (as indicated in Table 1 ). There is therefore a hierarchy of signalling within signalling, from the intracellular level, to the intercellular level, to the inter-organ level, and to that between the organism and the entire environment. If things have gone this far, they can go further. It is not impossible that our forgotten organelle will finally be seen as playing a "pivotal" role in other theatres of life as well as neurological aberrations, just as further work on its place in the development of man and many other species will uncover an ever widening range of disorders.
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